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ABSTRACT 


The globally increasing awareness about environment and depleting reserves of fossil 
 fuels  have  increased  the  worldwide  demand  for  cleaner  and  renewable  fuels. 


Hydrogen fueled engines completely eliminate carbon emissions and CNG has higher 
 hydrogen  to  carbon  ratio  as  compared  to  gasoline  which  results  in  significantly 
 reduced  carbon  emissions.CNG  is  a  cleaner  burning  fossil  fuel  and  available 
 abundantly.  Hydrogen  is  renewable  and  could  be  produced  from  water  which  is 
 available abundantly on earth. 


In  the  present  work,  experimental  investigations  were  carried  out  for  utilization  of 
 CNG  and  hydrogen  without  significant  hardware  modifications  on  an  existing 
 gasoline  engine.  A  port  injection  gas  system  was  developed  for  hydrogen  and  CNG 
 fuel utilization in this engine. Considering the physio-chemical properties of hydrogen 
 /  CNG  such  as  laminar  flame  speed,  density,  heating  value  and  minimum  ignition 
 energy,  injection  and  ignition  parameters  have  been  optimized  for  best  engine 
 performance.  Under  these  optimized  condition,  a  comparative  combustion  analysis 
 was conducted for combustion stability, heat release rate and mass fraction burned for 
 CNG,  hydrogen  and  gasoline.  Also  the  specific  pollutants  have  been  examined  with 
 respect to gasoline operation. 


The present work has resulted in giving a good insight into the performance, emission 
 and  combustion  characteristics  of  the  engine  utilizing  hydrogen,  CNG  and  gasoline. 


The MBT spark timing for CNG is more advanced as compared to MBT spark timing 
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of  gasoline  and  was  observed  to  have  a  significant  increase  in  power  after  spark 
 timing  optimization.  However,  MBT  spark  timing  for  hydrogen  is  more  retarded  as 
 compared  to  MBT  spark  timing  of  gasoline  which  resulted  in  good  combustion 
 stability and improvement  in  fuel  consumption. Incase of CNG significant  reduction 
 in  emissions  of  CO,  CO2 and  total  hydrocarbon  has  been  observed  and  incase  of 
 hydrogen  only  emission  of  oxides  of  nitrogen  have  been  observed.  Prevention  of 
 backfire  and  pre-ignition  is  possible  after  optimization  of  injection  timing  up  to  a 
 certain  equivalence  ratio  for  hydrogen  engine  operation.  Significant  improvement  in 
 fuel consumption has been observed with CNG and hydrogen, with penalty of power 
 due  to  decreased  volumetric  efficiency,  and  backfire  limited  operation  in  case  of 
 hydrogen fuel. 


The developed port injection gas system was successfully implemented on the engine 
 for CNG and hydrogen utilization without significant engine hardware modifications. 


The  single  gas  system  can  be  used  for  clean  burning  gaseous  fuels  only  by  doing 
software  changes  in  injection  and  ignition  timing  maps  for  best  thermodynamic 
behavior of the engine. 
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